The high temporal and spatial resolution of heliospheric white-light imagers enables us to measure the propagation of plasma tails of bright comets as they travel through the interplanetary medium. Plasma tails of comets have been recognized for many years as natural probes of the solar wind. Using a new technique developed at the University of California, San Diego to measure the radial motion of the plasma tails, we measure the ambient solar wind speed, for the first time in situ at comets 2P/Encke and 96P/Machholz. We determine the enhanced solar wind speeds during an interplanetary coronal mass ejection encounter with 2P/Encke and compare these to previously modeled values, and also present solar wind speeds covering a range of latitudes for 96P/ Machholz. We here apply this technique using images from the Sun-Earth Connection Coronal and Heliospheric Investigation Heliospheric Imagers (HI-1) on board the Solar TErrestrial RElations Observatory-Ahead spacecraft.
INTRODUCTION
Comet observations have long been used to infer the nature of the solar wind (Biermann 1951; Parker 1958) . The present authors used data from the Solar Mass Ejection Imager (SMEI; Eyles et al. 2003; Jackson et al. 2004 ) instrument to measure the solar wind speed, by tracking the propagation of the plasma tails of comets (Buffington et al. 2008 ). This analysis concluded that the "kinks" visible in these tails extending over great angular distances are frequently caused by varying solar wind speed at the location of the comet nucleus and manifest in white-light images as the comet plasma propagates radially outward. Also, these measurements indicate that the plasma visible a great distance (∼10 6 km) from the nucleus of the comet has become entrained in the solar wind.
This paper applies the technique used in that earlier analysis, to data from the Sun-Earth Connection Coronal and Heliospheric Investigation (SECCHI; Howard et al. 2000 Howard et al. , 2008 Heliospheric Imager-1 (HI-1; Socker et al. 2000) on board the Solar TErrestrial RElations Observatory-Ahead (STEREO-A) spacecraft (Kaiser 2005; Kaiser et al. 2008) . The fine angular resolution of these data, for two comets orbiting close to the Sun, provides a new application for the above technique. In particular, we highlight a comet plasma-tail interaction with an interplanetary coronal mass ejection (ICME) and provide measurements of the solar wind speed spanning a significant range of solar latitudes.
OBSERVATIONS
The HI-1 instrument observes heliospheric structures in white light, over a 20
• × 20
• field of view centered 14
• from the Sun. HI-1 images are made by combining many short exposures from a 1024 × 1024 (after 2 × 2 binning) CCD detector into 40 minute summed images (Eyles et al. 2009 ). These provide a higher temporal and spatial resolution than the 102 minute SMEI near-all-sky maps, but cover a smaller region of the sky. Plasma tails of the comets in the SMEI analysis are visible up to 90
• from the nucleus on the plane of the sky, which can cover a distance of up to 0.5 AU. The plasma tails of the comets observed in the HI-1A images used in the present analysis are visible over an angular distance of about 10
• and extend up to 0.1 AU from the nucleus.
SMEI
In the previous analysis (Buffington et al. 2008) , to measure the radial speed of the plasma tails of comets C/2001 Q4 (NEAT) and C/2004 T7 (LINEAR), equal-angle fisheye sky maps were constructed from individual SMEI sky maps with stars and background removed (e.g., Hick et al. 2007) . Ephemerides obtained from the Minor Planet & Comet Ephemeris Service 3 provide the comet-nucleus location in threedimensional space. A straight line from the Sun to the comet nucleus is projected onto the Sun-centered fisheye sky map as viewed from Earth ( Figure 1 , top panel, black line). This original projected line remains fixed in space and time as the sequence of SMEI images steps forward in time and the comet moves in its orbit providing a new radial (white line). Features appearing to cross the black line seen in later images are measured and their elongation versus time determined. The elongation is then converted into a radial distance along the Sun-comet line from the temporal and spatial locations of the comet nucleus at the time when the black line is first projected (see Figure 1 , bottom image).
This process is repeated for each SMEI sky map where sufficient data are available. With the radial distance of the plasma from the original comet nucleus location known on successive images, the plasma-tail distance from the nucleus divided by elapsed time provides a radial speed of the solar wind. For each measurement, this indicates the solar wind speed past the comet nucleus assuming no further speed change between the nucleus and the measurement location. Figure 2 shows these speed measurements as a contour plot with the position of the comet nucleus along its orbital path (horizontal axis) versus distance down the Sun-comet line (vertical axis); both are in units of 10 6 km. The dots are the measurement locations along each projected radial line. The large low-velocity region at 2.5 × 10 6 km on the horizontal axis in Figure 2 coincides with the onset of a large "kink" in the plasma tail of the comet. This low-velocity feature is believed to be related to a solar wind transient ).
STEREO HI-1A
In 2007 April, two comets were visible in the STEREO HI-1A field of view: 2P/Encke, with an orbit slightly inclined from the ecliptic plane, moved toward STEREO-A, and 96P/Machholz, on a highly inclined orbital plane nearer to the Sun, moved from south to north across the field of view. During this time Encke underwent a dramatic plasma tail disconnection caused by an ICME (Vourlidas et al. 2007 ). Our measurements (Figure 3) indicate that the plasma picked up by the solar wind when the bright portion of the ICME passes has an average radial velocity of about 500 km s −1 , higher than the ambient solar wind speed and in agreement with the findings of Vourlidas et al. (2007) . The data gaps between 6 and 12 UT contained too few points to be reliable; we measure no speed for plasma picked up near the nucleus after 16:50 UT, immediately following the high velocity region, because of the complete disconnection of the plasma tail.
Prior to this sudden disconnection of 2P/Encke's plasma tail, HI-1A also observed 96P/Machholz. During this time, the comet passed as close as 0.14 AU from the Sun and through a wide range of heliographic latitudes. Speed measurements over this time provide detailed information about the latitudinal variation of the solar wind speeds close to the Sun. Figure 4 show smooth transitions through regions of high-speed solar wind at about −25
Contours in
• , −22
• , −20 • , and −18
• heliographic latitude. Averages of all the radial velocity measurements at a given time (upper panel) somewhat smooth this out, but show that the speed undergoes a gradual decrease as Machholz passes between −18
• and −14
• heliographic latitude and approaches the solar equator.
DISCUSSION AND CONCLUSIONS
The present work employs our previously developed technique using SMEI data, to determine solar wind speeds with STEREO HI-1A data, by measuring the radial propagation of comet plasma picked up by the solar wind. This method enables opportunistic measurement of solar wind speeds over large areas of space when comets are present and active, thus probing a wide range of latitudes and distances that otherwise are not readily accessible for direct in situ measurements by spacecraft. We also present measurements of the solar wind speeds at low heliographic latitudes before Machholz approaches perihelion. The decrease in the speed from about 550 km s −1 to 450 km s −1 at about 03:30 UT is associated with a region of greater brightness observed in HI-1A. The solar wind speeds at these locations are generally much higher than those encountered by Encke, but unlike Encke, Machholz does not appear to undergo any disconnection of its plasma tail. When variation in the ambient medium is small or occurs slowly, the large-scale structure of the plasma tails of comets appears to be robust to a disruptive change.
We expect that the average speed measurements shown in Figures 3 and 4 have a random error of ±10 km s −1 for Encke and from 200 km s −1 to 580 km s −1 , respectively. In these measurements, the variations in speed for comet Encke are seen to be primarily associated with the ICME on 2007 April 20; this caused an abrupt change (Figure 3 ) beginning at about 14:50 UT and increasing until 16:50 UT, when the bright ICME front appears to engulf the comet and the complete disconnection becomes apparent. We associate this steady increase in solar wind speed from the ambient value of 300 km s −1 , up to 500 km s −1 , with the passage of the bright ICME front just prior to the disconnection.
We speculate, as have Vourlidas et al. 2007 , that the suddentransient nature of the bright portion of the ICME impacting Encke is undoubtedly associated with the disconnection of the comet tail. This front is associated with our measurements of a sustained higher solar wind speed. This higher speed and more dense portion of the CME likely carries with it an enhanced magnetic field, and is almost certainly responsible for the disconnection of the comet tail (Jia et al. 2009 ). An abrupt 200 km s −1 spike in solar wind speed above the ambient precedes the CME brightness enhancement by about 6 hr, and this is most likely an indication of a fast shock that precedes the ICME into the interplanetary medium.
